The article is focused on the creation of flood maps for ungauged basins (i.e. local spatial scale areas), using a hydrologic-hydraulic approach, geographic information systems (GIS) and remote sensing techniques, and their role in local spatial planning. The case study is represented by the Turniansky potok catchment which was not mapped in the preliminary flood risk assessment (EU Floods Directive) as an area with existing potential risk. The design discharges were estimated by applying the regional formula. The design discharge with 100-year return period was chosen for hydraulic modeling using the one-dimensional HEC-RAS model. The basis for creating the flood vulnerability map for the selected hydraulic domain was the current land use. Each land use category was assigned a category of acceptable risk (low, medium, high). Furthermore, the vulnerability was defined by digitizing buildings within the hydraulic domain. The role of the created flood maps, as regulatory tools in local spatial planning (i.e. local development plan of municipality), was highlighted and discussed. The importance of flood maps is primarily seen in limiting the irresponsible expansion and densification of construction in the areas near the watercourse which were assigned the low acceptable risk.
Introduction
Floods have always been a natural part of the hydrological cycle. On the other hand, more frequent and severe floods, extending into places where they should not occur, have caused considerable damage in recent years. Frequent occurrence of floods, as a result of the overall development of human society and the associated climate change, has been widely discussed (Kundzewicz et al., 2013; Arnell & Gosling, 2016) .
Today, people inhabit places which were not attractive for them in the past since they used to be flooded. Anthropogenic impacts often cause the limited natural retention and transformation capabilities of basins. Moreover, insensitive and careless actions in the basin may cause the multiplication of economic damage (Fohrer et al., 2001) .
No protection against floods can be absolute and thus it is necessary to deal with an integrated approach to flood protection and management (Plate, 2002; Werritty, 2006) . The structural flood protection measures, practiced especially by water engineers, are still important. However, increasing attention should be paid to flood prevention and flood risk management strategies as well as their interconnection with spatial planning on different scales (Ran & Nedovic-Budic, 2016; Francesch-Huidobro et al., 2017) .
The basic idea that spatial planning and water engineering need to cooperate with regard to flood risk management is established and generally agreed (Klijn et al., 2008) . In Slovakia, the traditional water engineering approach is represented by the Slovak Water Management Enterprise, a state-owned enterprise, which is responsible for taking care of important watercourses as well as implementing tasks given by the EU Floods Directive (i.e. creation of flood hazard and flood risk maps and flood risk management plans). Therefore, water engineers are the most important stakeholder along watercourses.
However, the governance of spatial planning varies from water engineering and management. In a simplified way, local spatial planning is understood as land use planning at the municipal level. On the other hand, the water engineering and management approach in Slovakia is based on the assessment of the ability of river segments (i.e. stability and capacity of their cross-sections) to transport the maximum discharge of the specified probability. If the river sections do not meet safety standards (i.e. to transport the discharge of the specified size) which are set for different types of residential zones and economic activities, the flood risk management is based on the application of water-management constructions. The aim of such management is to: (a) prevent flooding which can be achieved by controlling and regulating the discharge through dams or increasing the discharge capacity of river beds by their modification; and (b) keep the water, which had already poured out of the river bed, in a particular area by constructing protective levees or guiding the water flow into areas suitable for natural water accumulation. Construction of technical flood protection measures has a long tradition in Slovakia and their application is massively recommended also in the first cycle of flood risk management plans (Solín, 2017) .
To summarize, spatial planning is complex and multi-disciplinary while water management is specific and sectoral, focusing on the control and regulation of the water sector. On the contrary, spatial planning focuses on coordination and integration of different sectoral activities. Moreover, the relation between spatial planning and water management is often conflicting (Hartmann, 2011) .
The creation of flood hazard and flood risk maps and flood risk management plans requires different flood scenarios to be taken into account. Spatial planning, i.e. allocation of land use, thus has to balance flood risk on a more differentiated level (Ran & Nedovic-Budic, 2017) . In this sense, spatial planners have to deal with questions such as, what is the level of acceptable flood risk for different functional land use or buildings?
Furthermore, local spatial planning tries to coordinate and balance all interests within the municipal land use planning in a rather horizontal and network-oriented governance style. On the other hand, this is quite opposite to the water engineering and management approach which is usually more centralized and top-down (Wegener, 2012; Solín, 2017) .
In recent years, the role of spatial planning has been emphasized representing a significant mechanism to manage future flood risks. The reason for this is that it is able to control the type and location of land use and its development and thus facilitate the realization of flood risk mitigation strategies (Pieterse et al., 2013) .
Balancing the development needs and prevention of urban flood risk seems to be complicated because many constraints on local planning decisions can occur. As a result, this may prevent the full potential of local spatial planning to contribute to effective flood risk management (White & Howe, 2004; Gersonius et al., 2008) . According to White & Richards (2007) , the spatial planning system can represent the most sustainable method to manage flood risk, providing not only risk management, but also avoiding and reducing risk via influencing factors such as the location, type, design and function of development.
Adoption of the EU Floods Directive (European Parliament, 2007) meant the launch of research on floods aiming at development of an integrated European methodology on the assessment and management of flood risk (Klijn et al., 2009) , collecting existing experience in the field of flood mapping in European countries and making recommendations for creating flood hazard and flood risk maps (EXCIMAP, 2007) and also in terms of spatial planning (de Bruijn et al., 2015) .
Furthermore, each EU member state has been obliged to elaborate flood hazard and flood risk maps for areas which were classified, within the preliminary flood risk assessment, as areas with existing potential risk (European Parliament, 2007) . However, in Slovakia there are many other areas which are also vulnerable to flooding and were not included in flood hazard and flood risk mapping (Solín, 2014 (Solín, , 2015 .
The objectives of this paper are therefore as follows:
1. To determine flood-prone areas for the selected small ungauged basin (i.e. hydraulic domain), which was not chosen in the preliminary flood risk assessment (European Parliament, 2007) as an area with existing potential risk, employing a relevant hydrologic (regional formula) and hydraulic (one-dimensional, 1D) approach with the support of geographic information systems (GIS) and remote sensing in order to provide a simple and practical methodology for flood mapping in small ungauged basins for the purpose of incorporating the created flood maps into the local development plan of the municipality. 2. To discuss uncertainties/limitations, which may arise from the hydrologic and hydraulic approaches used, as well as possible improvements for flood mapping in small ungauged basins. 3. To point out and discuss the current state, importance and possibilities of using flood maps, especially for areas not included in the preliminary flood risk assessment (European Parliament, 2007) , in terms of local spatial planning.
Study area
The case study is represented by the small ungauged catchment of Turniansky potok stream (total catchment area: 70.96 km 2 ) which is located in the Váh River Basin in Slovakia and creates a left tributary of the Váh River.
The catchment belongs to three geomorphological units -Považské podolie (hills), Strážovské vrchy (mountain) and Považský Inovec (mountain). Elevations range from 193 m a. s. l. to 1,029 m a. s. l., the average slope is 14% and the maximum hydrologic distance of the outlet from the watershed divide is 13.2 km.
As for the administrative boundaries, the catchment belongs to Western Slovakia (NUTS II) (Nomenclature des Unités territoriales statistiques), Trenčín Region (NUTS III) and Trenčín District (NUTS IV).
The selected hydraulic domain is represented mostly by the built-up area of the Trenčianska Turná municipality through which Turniansky potok stream and its right tributary Hukov potok stream directly flow ( Figure 1 ). The hydraulic domain area covers 3.72 km 2 and the main reasons for its selection include the following:
• The case study was not mapped based on the EU Floods Directive (European Parliament, 2007) .
• The study area was affected by the flash flood on June 19, 2004 which was labeled as having a discharge with 100-year return period. During June 19, 2004, two storm cores hit the Turniansky potok basin with assumed total rainfall of 55-60 mm. The center of the first storm was located in the municipality of Mníchova Lehota while the center of the second storm core was identified in the Hukov potok basin (Danáčová & Velčická, 2004 ).
• It is the local spatial scale which allows the detailed flood mapping procedures.
• The Local Development Plan of the Trenčianska Turná Municipality was approved and published in 2016.
In Slovakia, there are approximately 2300 small basins, with a total catchment area from 5 to 50 km 2 , which are susceptible to the occurrence of flash floods that actually occur every year during the summer season (Hlavčová et al., 2016) . The main specificity of the study area is that one of the largest flash floods in Slovakia in the past 20 years occurred in the Turniansky potok basin. Moreover, the study area is specific due to the fact that it is a small ungauged basin (lacking observed discharge data), even without a rain gauge station, where the flash flood post-event analysis as well as creation of flood maps is more complicated (Hlavčová et al., 2016) . However, the past experience, especially from (flash) floods, calls for flood maps which could be transferred into the local spatial planning process.
Methods

Regional formula for estimating design discharges
As long as the catchment is ungauged (even without a rain gauge station), the regional formula was chosen to estimate peak discharges with different return periods (Q T ).
The employed regional formula is based on basin morphometric properties such as catchment area, forested area, watercourse length, catchment shape and regional parameters which were derived for different regions of Slovakia (Dub, 1957) . In the conditions of Slovakia, the original method described by Dub (1957) was used in several studies, e.g. Kohnová et al. (2005) or Vojtek & Vojteková (2016) . However, in this study the revised regional parameters, described by Makeľ et al. (2003) , were used instead of the original regional parameters defined by Dub (1957) .
In this study, the following regional formula was applied for estimating design peak discharges in selected profiles (Figure 1 ):
• The input morphometric parameters were calculated using GIS: catchment area (A), forested area (A f ), watercourse length (L) and catchment shape (α).
• The peak discharge with 100-year return period (Q 100 ) was calculated using Equation (1):
where Q 100 -design discharge with 100-year return period (m 3 /s), q max100 -maximum specific discharge with 100-year return period (m 3 /s/km 2 ), A -catchment area (km 2 ). The maximum specific discharge with 100-year return period (q max100 ) was calculated based on Equation (2):
where q max100 -maximum specific discharge with 100-year return period (m 3 /s/km 2 ), A -catchment area (km 2 ), c 1 -correction factor of afforestation, c 2 -correction factor of catchment shape, B and nrevised regional parameters (see Makeľ et al., 2003) . In the case of the Turniansky potok basin, parameter B has a value of 7.10 and parameter n has a value of 0.490.
Correction factor of afforestation (c 1 ), which reflects the impact of forested area (A f ) on drainage conditions, was calculated using Equation (3):
where c 1 -correction factor of afforestation, A -catchment area (km 2 ), A f -forested area (km 2 ) calculated from Corine Land Cover database for the year 2012 (European Commission, 2000) . In this study, the parameter c 1 for the upper Turniansky potok basin has a value of 0.026, Hukov potok basin has a value of 0.045 and lower Turniansky potok basin has a value of 0.031.
Correction factor of catchment shape (c 2 ) is characterized by the catchment shape coefficient (α) which was calculated based on Equation (4):
where α -catchment shape coefficient, A -catchment area (km 2 ), L -watercourse length (km). The values of catchment shape correction factor (c 2 ) may range from À0.1 to 0.1 (Mosný, 2002) : In the case of the upper Turniansky potok basin, the parameter c 2 has a value of À0.01, Hukov potok basin has a value of À0.08 and lower Turniansky potok basin has a value of 0.00.
• Other design discharges (Q T ) with T-year return periods were calculated using Equation (5):
where Q T -design discharge with T-year return period (m 3 /s), a N -regional frequency factor for differently forested catchments (Čerkašin, 1964; Mosný, 2002) , Q 100 -design discharge with 100-year return period (m 3 /s).
Flood vulnerability analysis
The information on flood vulnerability in the hydraulic domain was derived from land use categories which were digitized on the basis of cadastral map, orthophotos from the year 2015 (provided by the company GEODETICCA, s.r.o.) and field research. Each land use category was assigned a level of acceptable risk primarily based on its sensitivity to potential flood situations and potential flood damage using the methodology described by Říha et al. (2005) and Drbal et al. (2008 Drbal et al. ( , 2009 ). The advantage of this methodology, which has already settled in Czechia, is the fact that it was suited to the local spatial planning purposes. For example, the functional land use categories are derived directly from the local development plan (if it is available) by which the level of acceptable risk is defined. Otherwise, land use categories can be identified, similarly as in this study, from cadastral maps, orthophotos and complemented by field research or by using the ZBGIS database in the case of Slovakia. Finally, this methodology is simple, undemanding in terms of collecting data and represents a potentially easier way, e.g. for spatial planners or decision makers, to understand the flood vulnerability, although this concept may not be fully in line with the generally accepted definitions of vulnerability (Nasiri et al., 2016) .
In addition, the polygon layer of buildings was also created. Each building was defined by the following attributes: ID, name of the region, name of the district, name of the municipality, building number, type of building, number of flats, land parcel, and x, y coordinates.
HEC-RAS hydraulic modeling
To determine the flood-prone areas, the 1D hydraulic model HEC-RAS (http://www.hec.usace.army. mil/software/hec-ras/) was employed.
In this study, 1D flood routing in steady flow conditions was employed. Because of the 1D nature of the model, the discharge is distributed within the whole cross-section in the longitudinal direction. This fact may, however, create difficulties when there are multiple flow directions or when the flow exchange between the channel and floodplain cannot be ignored. On the other hand, it can sufficiently represent the topography and it has low computational demands. The steady flow analysis was based on the solution of the 1D energy equation between individual cross-sections (HEC-RAS, 2010) .
In this study area, the 2 m high-resolution DEM (digital elevation model) (provided by the company GEODETICCA, s.r.o.) was used for the elaborations. Current orthophotos and a vector cadastral map were used to prepare input data for the hydraulic model.
Hydraulic modeling was used to determine the flood-prone areas in terms of extent and flow depths. The steady flow analysis was performed only for the design discharge of Q 100 , which is the estimated peak discharge during the 2004 flash flood as reported by Danáčová & Velčická (2004) .
Results
Design discharges (flood scenarios)
The regional formula was applied to calculate the design flood discharges for two streams in the hydraulic domain. The resulting values, representing upper boundary conditions in the specified stations, for the selected profiles are shown in Table 1 . The design flood discharge (Q 100 ) for the Turniansky potok stream, as the main watercourse in the hydraulic domain, is 42.56 m 3 /s while the value for Hukov potok stream is 19.46 m 3 /s.
Vulnerability assessment
Based on the land use map (Figure 1 ), each land use category was assigned a category of acceptable risk. The hydraulic domain (model area) contains land use categories where the minimum flood risk is tolerated such as built-up area and backyard garden. Moreover, there are land use categories with medium acceptable risk such as arable land and hop garden. Areas with high acceptable risk are represented by land use categories of grassland and watercourse (Figure 2 ). 
Hydraulic modeling results
Results of the steady flow analysis had to be verified and corrected since there were illogical inundations which were produced by the model placing water into the lowest parts of the cross-section profiles. The resulting raster of flood depth for the design discharge of Q 100 has the resolution of 2 Â 2 m. Flood depth for the flood scenario of Q 100 (Figure 2 ) ranges from 0.01 to 2.21 m and the inundation extent is 27.58 ha.
Flood risk assessment
Flood risk for the flood scenario of Q 100 is mostly represented by the medium acceptable risk with 14.58 ha of flooded area representing the land use category of arable land ( Table 2 ). The category of high acceptable risk is represented by grassland and watercourse land use categories. The flooded area in this category covers altogether 5.52 ha. On the other hand, low acceptable risk was assigned to land use categories of built-up area and backyard garden and the flooded area is 7.49 ha. The total number of buildings affected by Q 100 is 81. The majority is represented by family houses (58) and standalone garages (17) followed by industrial buildings and stores (4) and two apartment housing units.
Discussion
When creating flood maps, there are many issues which need to be tackled and they can cause possible uncertainties and limitations with regard to the achieved results. This section intends to point out these uncertainties. Moreover, the current state, importance and possibilities of incorporating flood maps into local spatial plans (particularly local development plan of municipality) are highlighted and discussed.
Possible uncertainties and improvements in performed flood mapping procedure
The first uncertainty arises from the employed regional formula. This method was applied by several authors, e.g. Szolgay et al. (2003) or Vojtek & Vojteková (2016) , who point out the regionalization uncertainty which is based on the use of spatial generalizations, due to absence of direct observations, such as selection of regional parameters and their assignment for the selected catchment.
However, reliable estimation of design discharges is difficult especially in small ungauged basins (even without any rain gauge station) where the most preferred approach is thus an empirical or regional formula. Generally, this applies also for Slovakia, especially for the Slovak Hydrometeorological Institute (SHMI) -a specialized state organization providing hydrological and meteorological services at national level, where the basis for estimating design discharges in profiles without gauge stations and catchments of more than 20 km 2 is the presented regional formula (Dub, 1957) . On the one hand, this method needs minimum input data, but, on the other hand, it has some drawbacks. For example, it does not allow an estimation of design hydrograph which is usually needed for advanced hydraulic models which are used to calculate the extent and water depth in the flooded area.
According to Kohnová et al. (2005) , who compared several methods for estimating design discharge with 100-year return period, the original regional formula (Dub, 1957) resulted in higher discharges compared to the regional flood frequency method (Hosking & Wallis, 1997) , by approximately 79% in the case of Hájovňa Slače station (Vyčoma River) and by approximately 20% in the case of Myjava station (Myjava River). On the other hand, when comparing the original regional formula by Dub (1957) and official values by SHMI, the difference was approximately 15% in the case of Hájovňa Slače station (Vyčoma River), while in the case of Myjava station (Myjava River) the SHMI official values were even higher, by approximately 10%.
A similar comparison can be performed between the calculated Q 100 discharge in this study and simulated discharge, using the KLEM (Kinematic Local Excess Model) rainfall-runoff model, for the 2004 flash flood in the study by Hlavčová et al. (2016) . Regarding the upper Turniansky potok profile, the calculated Q 100 discharge is higher, compared to the simulated discharge by the KLEM, by 17.8%, while the same difference applies for the Hukov potok profile.
Furthermore, another comparison of the calculated Q 100 discharge in this study can be made with the reconstructed estimates of the peak discharges obtained by field surveying after the 2004 flash flood (Danáčová & Velčická, 2004; Hlavčová et al., 2016) . As for the upper Turniansky potok profile, the calculated Q 100 discharge is lower, compared to the reconstructed estimate, by 7.6%. In the case of the Hukov potok profile, the calculated Q 100 discharge is lower only by 2.7%. On the other hand, the calculated Q 100 discharge is higher by 6.1% in the case of the lower Turniansky potok profile. Small differences in this comparison indicate that the presented regional formula proved its efficiency for this case study.
The choice of the model is an important task in hydraulic modeling. When elaborating flood maps, mostly 1D or 2D hydraulic models are used for steady or unsteady flow conditions. One-dimensional hydraulic models are preferred for steady as well as unsteady flow analysis (Mark et al., 2004) and, particularly, when using only the estimated design discharge by empirical or regional methods. The 1D hydraulic approach was used in Slovakia for elaborating flood maps based on the EU Floods Directive (European Parliament, 2007) . Two-dimensional hydraulic models are preferred for solving more difficult flow conditions since they enable the user to perform the accurate spatially distributed assessment of flow and velocity dynamics (Grimaldi et al., 2013) . All in all, 2D hydraulic models are rather recommended for detailed local spatial scale areas and complex urban settings (Horritt & Bates, 2002; Tayefi et al., 2007) .
Moreover, the validation of hydraulic modeling results is seen in the use of information on actual flood events, for example, upstream/downstream hydrographs or recorded inundation extents, depths or flow velocities (Horritt, 2006) . However, such data were not available for the selected hydraulic domain. Therefore, accurate input data (high-resolution orthophotos and DEM) along with the field survey were used.
The hydraulic modeling results can be compared with the work by Danáčová & Velčická (2004) who tried to reconstruct (not hydraulically) the 2004 flash flood using the original regional formula by Dub (1957) , a field survey, and meteorological data from the nearest rain gauge stations.
Based on the post-event investigations and interviews with local people, Danáčová & Velčická (2004) claim that one of the two storm cores hit the Hukov potok basin. However, due to the grassy channel of the Hukov potok stream being covered with garbage, the water slowed down. Despite this, a huge flood wave was generated in the lower reach of the Hukov potok stream as a result of inconvenient regulations, e.g. lower lying right bank and the whole area along the right bank, low access bridges through streams, etc. Their findings from the field research were also confirmed by the hydraulic modeling results in this study. As can be seen in Figure 2 , the inundations along the natural (grassy) channel of the Hukov potok stream are minor, as compared to the large right-sided inundation (green rectangle on Figure 3 ) in its lower reach which is caused by the above-mentioned lower lying terrain and inconvenient cross-barriers (bridges) which failed to carry over the flood wave.
According to Danáčová & Velčická (2004) , the parameters of the regulated channel of Turniansky potok stream in the municipality of Trenčianska Turná enabled the higher flood discharge to flow out. However, the incorrect stream modifications at the locations of stream confluences created break waves in many places, as evidenced also by inundation at the location of the confluence of Turniansky potok stream and Hukov potok stream (Figure 2) . Moreover, another larger inundation can be seen on the left side of the Turniansky potok stream (green rectangle on Figure 3 ) which is mainly a consequence of lower lying terrain along the left bank, as compared to the right bank of this stream segment.
The role of flood maps in local spatial planning (local development plans)
According to Davidoff & Reiner (1962) , planning is a rational and systematic process of guiding public and private actions and influencing the future by identifying and analyzing alternatives and outcomes. Spatial planning represents a type of planning which focuses on physical arrangement and guidance of future activities in a certain space based on their suitability and other principles (Larsson, 2006) . Spatial planning is thus concerned with the spatial distribution of functional land use. However, planning authorities are generally given more power than flood risk agencies regarding land use planning and control in flood-prone areas (White & Richards, 2007; Ran & Nedovic-Budic, 2016) .
In flood-prone areas, the goal of spatial planning should be to contribute to flood mitigation strategies since it can influence the flood damage by regulating the locations of activities, land use and design of physical structures (White & Howe, 2002; Neuvel & Van Den Brick, 2009; Neuvel & Van Der Knaap, 2010) . In Slovakia, the good practices in this sense are represented, for example, by the Local Development Plan of the Nižná Myšľa Municipality (2008, updated in 2016) in which inundation area and flood protection measures (levees) are visualized on the map or Local Development Plan of the Bratislava City (2007) with a mapped inundation area (Kučeravcová & Dzurdženík, 2018) . On the contrary, the incorporation of flood maps into the local development plans has not been practiced in many cases in Slovakia, applying mainly for the municipalities for which the flood maps were not elaborated based on the EU Floods Directive (European Parliament, 2007) .
The same applies for this case study where the experience from the 2004 flash flood was not transferred into the Local Development Plan of the Trenčianska Turná Municipality from 2016, although the obligatory section of the Local Development Plan of the Trenčianska Turná Municipality (2016) states the following measures in relation to water management, particularly flood protection and flood risk management, which follow from the regional spatial plan of the Trenčín Region: Despite the fact that measure (g) does not allow construction in inundation areas, the simulated situation is different, which is evident from Figure 3 . The largest inundations of Q 100 (flood-prone areas highlighted by green rectangles) correspond to the localities of gradual construction of family houses, stores or industrial buildings despite the occurrence of the 2004 flash flood. In addition, further construction is planned in these localities based on the approved local development plan from 2016.
Moreover, the local development plan provides the counteractive statement that it respects Act No. 7/2010 Coll. on flood protection and the development areas are disposed so as not to be endangered by the occurrence of floods and to avoid significant interference with the regime of surface watercourses and technical works on watercourses. Finally, the local development plan proposes only two more concrete structural measures in flood protection: regulation of the Turniansky potok stream and construction of the 'Soblahov 1' polder. The flood prevention measures in the Local Development Plan of the Trenčianska Turná Municipality (2016) are presented only in the textual part lacking cartographic visualization, i.e. the maps do not contain any information on flood-prone (inundation) areas or flood protection measures.
It is difficult to define the degree of blame of spatial planning in case of flooding. The process of spatial planning itself is affected by the water and its positive and negative aspects. When creating spatial plans, the most reasonable and cheapest flood protection measure is always not to face floods and rather leave the space for water to flow. However, current spatial planning practice shows a state that is strongly affected by market principles. As a consequence, flood protection loses its priority and in some cases it is even bypassed for various reasons (Chlapík, 2010) .
The entities (particularly Slovak Water Management Enterprise) managing the watercourses and river basins are actually limited only to expressing their opinions on the proposed spatial plan. As a result, water managers lose the possibility to directly influence the process of landscape creation. Therefore, in an effort to be as close to the water as possible, many buildings have been located in areas which are totally inappropriate for their placement.
A negative role is played also by the absence of relevant flood (inundation) maps for many basins which were actually affected by floods in the past, but were not classified as areas with existing potential risk within the preliminary flood risk assessment and thus not mapped within flood hazard and flood risk mapping (Solín, 2014) .
On the other hand, municipalities, building authorities, builders and also all affected legal and natural persons may submit an initiative for the delineation of inundation areas. However, determination of inundation areas was not defined as a duty, but as a right (Act No. 364/2004 Coll.) . This fact has proved to be a major shortcoming in many cases in practice enabling the municipality to bypass one of the objectives of legislation to prevent unnecessary flood risks by limiting inappropriate activities in flood vulnerable areas (Bačík & Ryšavá, 2010) . Indeed, the requirement for rational action in permitting the construction of buildings and other activities in areas threatened by floods is included in Act No. 364/2004 Coll. by the provision that if the inundated area is not defined, the available evidence (e.g. flood markers or memories of the local people about the past floods) on the probable boundary of the area vulnerable to floods should be used.
It is a different situation in the case of municipalities for which flood (inundation) maps were created under the EU Floods Directive. Act No. 7/2010 Coll. and its update Act No. 71/2015 Coll. oblige municipalities to ensure marking of all flood extent lines displayed on the flood hazard maps in the local development plan at its next review, regardless of the declaration or non-declaration of the inundation area. Moreover, it defines the types of buildings, objects, facilities and activities which are banned or permitted in flood-prone areas (Kučeravcová & Dzurdženík, 2018) .
Change of functional land use in the updated local development plan is a major reason for changing the extent of the inundated area (Bačík & Ryšavá, 2010) . However, there is a need to respond sensitively to determining or changing the extent of the inundation area in order to avoid unnecessarily limiting activities near watercourses and in areas where it is not necessary. To summarize, the linkage between legislation/policy (on floods) and spatial planning is not so straightforward and further analyses of the factors that intervene in their relation could offer more detailed insights into deeper integration of spatial planning and flood risk management.
Conclusion
The roles of local spatial planning and flood risk management are gradually becoming very important since the predicted impacts of already on-going climate change and escalating development pressures may negatively influence the exposure and vulnerability of mainly urban areas to flooding.
In this study, an attempt was made to create flood maps for the Turniansky potok catchment and selected model area, represented mostly by the built-up area of the Trenčianska Turná municipality, using relevant hydrologic (regional formula) and hydraulic (1D) approaches with the support of GIS and remote sensing. Moreover, the current state, importance and possibilities of using flood maps, especially for areas not mapped within the EU Floods Directive, as regulatory tools in spatial planning and the associated creation of local development plans were highlighted and discussed.
The map of flood depth for the design discharge with 100-year return period was created using the 1D hydraulic model HEC-RAS. The basis for determining the flood vulnerability in the selected hydraulic domain was the current land use where each land use category was assigned a category of acceptable risk (low, medium, high). Moreover, the vulnerability was defined by identifying and digitizing buildings within the hydraulic domain. Overall, 81 buildings are affected by Q 100 of which the majority is represented by family houses (58).
Results of the paper can be applied especially in the field of spatial planning, flood prevention, flood risk management and crisis management. Furthermore, the purpose of flood maps is to increase public awareness of the potential flood hazard since the created flood maps contain buildings (and their complete address information) which are located in the inundated areas. Such information could also be interesting for insurance companies.
To conclude, the importance of this study can be also seen in the simplicity and universality of the proposed steps to create flood maps, particularly for ungauged basins, which could be transferred to other similar flood-prone areas in Slovakia. Moreover, the information included in flood maps can be directly incorporated into the local development plans of municipalities as regulatory tools, e.g. for irresponsible expansion and densification of construction near the watercourse, i.e. areas with low acceptable risk.
